Summary.-Epithelial-like cells originating from 10-day and 8-week old BD rats were treated in vitro with dimethylnitrosamine (DMN) and N-methyl-N'-nitronitrosoguanidine (MNNG). Morphologically, no differences were seen between treated and untreated cells up to the time when the cells were transplanted into syngeneic hosts. However, the treated cells grew in soft agar and once injected subcutaneously or intraperitoneally into newborn rats, developed tumours after a latent period of 9-12 weeks. The tumours obtained with DMN-treated cells were well differentiated adenocarcinomata, whereas carcinosarcomata were observed with the MNNG-treated cells.
RAT liver epithelial-like cells have been reported to undergo transformation by murine sarcoma virus and produce fibrosarcomata after injection into suitable hosts (Bomford and Weinstein, 1972) . Other epithelial-like cells, such as the epithelial-like variant of the BHK 21/13 hamster cell line, produced undifferentiated carcinomata after transformation by polyoma virus (Montagnier, Macpherson and Jarrett, 1966) .
The transformation of rat liver epithelial-like cells by various chemical carcinogens has been described by Katsuta and Takaoka (1972) , Toyoshima et al. (1970) and Williams, Elliott and Weisburger, (1973) . The tumours obtained following back transplantation were mainly fibrosarcomata, while in some instances the histology of the tumours showed the co-existence of epithelial and sarcomatous cells (Katsuta and Takaoka, 1972; Williams et al., 1973) . Oshiro, Gerschenson and DiPaolo (1972) have recently described the spontaneous transformation in vitro of a rat liver cell line which produced carcinomata following back transplantation. Morphological transformation of epithelioid liver cells originating from adult rats by nutritional stress, was reported by Borek (1972) .
Of the two chemicals used in the present experiment, namely dimethylnitrosamine (DMN) and N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), the latter has been shown repeatedly to transform fibroblast or fibroblast-like cells in vitro (Takii, Takaki and Okada, 1971; Inui, Takayama and Sugimura, 1972; DiPaolo, Nelson and Donovan, 1972) . Fibroblasts exposed to DMN were shown to increase cell multiplication, resulting later in continuously growing cells. A direct transformation of these cells by DMN was not observed (Huberman, Salzberg and Sachs, 1968 (DiMayorca et al., 1973 
MATERIALS AND METHODS
Two epithelial cell lines (T and E), maintained as monolayers, were used. Culture T was initiated from the livers of five 10-day old BD VI rats following the method of Williams, Weisburger and Weisburger (1971) . Briefly, the method is as follows: coarsely minced tissue was forced through a 0-5 mm mesh screen and added to trypsin (0.25% in Ca++ and Mg++ free PBS) on a magnetic stirrer. The cell suspension from each of three 15 min trypsinizations was centrifuged and resuspended in Williams' medium containing 10% foetal calf serum (Grand Island Biological Co., N.Y.), 100u. penicillin, 100 ,tg streptomycin and 2-5 ,ug fungizone. The suspensions were filtered through gauze and seeded into 30 ml Falcon flasks. Twenty min, 20 min and 2 hour sequential platings were carried out and the fibroblasts removed mechanically.
Culture E was initiated from the liver of one 8-week old BD IV rat following the method of Berry and Friend (1969) Treatment was started by adding drug or control medium to flasks 3 days after subculture. T cells were exposed to MNNG (T-31 cell line) for 4 consecutive w%eeks, the carcinogen being added freely to the medium at the time of medium change or subculture. MNNG was added for a total of 8 times directly to Williams' medium to give a final concentration of 10 jug/ml. E cells were exposed to DMN (E-1 cell line) for one week, the carcinogen being added twice, once at a medium change and once at subculture directly to Williams' medium, to give a final concentration of 100 ,ug/ml. At the end of the treatment the flasks were washed twice with 10 ml of medium. Control cultured cells were fed Williams' medium alone. The plating efficiency was calculated by seeding 103 cells in 25 mm Falcon dishes and staining at the eighth day.
The tumorigenicity of the treated cells was determined by s.c. or i.p. injection of the cells into syngeneic rats. The cells were detached by mechanical scraping after brief incubation with 0.25% trypsin solution and, after low-speed centrifugation, they were resuspended in 01 ml of phosphate buffered saline solution. T-31 cells (1-0 x 106) were injected s.c. or i.p. into newborn BD rats one month and 4 months respectively after the end of the treatment. Control cells were injected at the same time.
RESULTS
The cell lines used in these studies have an epithelial morphology showing liver cell membrane antigens and contain ornithine carbamyl transferase and dexa-methasone-inducible tyrosine transaminase activity (Ikawa et al., 1973) .
Indirect evidence of toxicity, as measured by the plating efficiency, evaluated one and 2 weeks after the suspension of exposure to the carcinogens, was not observed in cells which were treated either with DMN or MNNG in the dose levels used in the present experiment. In both treated and untreated cells the plating efficiency was in the order of 4-5 % one month after suspension of treatment. Treated cells were shown to grow in soft agar forming colonies of 0-1 and 0-2 mm or more after 3 weeks. No growth was observed after 3 weeks when unexposed cells were seeded in soft agar. Morphologically, no differences were seen between treated and untreated cells up to the time when cells were transplanted into syngeneic hosts.
The subcutaneous injection of T-31 cells into newborn rats resulted in the occurrence of a tumour at the site of injection in 9 out of 10 injected rats (Table I ). The first tumour was seen 3 months after injection and all the 9 animals had to be sacrificed with large tumour masses within 2 weeks. Histologically, in 3 cases the tumours were typical fibrosarcomata, while in the other 6 a mixed population of epithelial and fibroblastlike cells coexisted ( Fig. 1 and 2) . The term carcinosarcoma is therefore used. Metastases to the lungs were observed in 2 rats.
Cell lines T. contro T. 31
The intraperitoneal injection of E-1 cells into newborn rats resulted in the occurrence of tumours in 6 of the 6 rats injected (Table I) . Some of the animals had up to 60 ml of ascitic fluid, in which inflammatory cells were mixed with clumps of tumour cells. In all animals the peritoneum was covered with multiple whitish nodules from 3 to 5 mm in diameter, while several larger nodules of up to 2 cm in diameter were localized in different areas, mainly on the diaphragm and the perirenal region. Histologically, the tumours consisted of large masses of polygonal cells with well defined margins within which glandular structures were invariably present. In many cases the glandular structures prevailed and the tumour mass consisted oftubules of various sizes lined by cuboidal or columnar epithelium; some tubules were flattened by the presence of abundant necrotic material in the lumen (Fig. 3 and 4) . A trabecular arrangement was rarely seen. Invasion of the kidneys, liver and regional lymph nodes was observed in some animals and metastases to the lungs occurred in all. The morphology of these tumours was consistent with the diagnosis of adenocarcinoma.
The untreated control cells (T and E) were kept in culture for the same length of time and injected at the same time as the treated cells. No tumours were observed 9 months after subcutaneous injection and 7 months after intraperitoneal injection. 
DISCUSSION
The transformation in vitro of rat liver cells by DMN and MNNG has been proven by the development of malignant tumours following their back transplantation. The tumours developed within 9 and 12 weeks respectively following the injection of DMN-and MNNG-treated cells. Histologically, the tumours were adenocarcinomata in the first case and fibrosarcomata or carcinosarcomata in the second case. The morphology of the adenocarcinomata was in keeping with the description of Stewart and Snell (1957) for hepatocellular carcinomata with an adenocarcinomatous pattern. The possibility, however that the tumours were derived at least partially from bile ducts cannot be completely disregarded. Similar tumours are reported by Williams et al. (1973) tion of MNNG-treated cells whereas adenocarcinomata develop following subcutaneous injection of DMN-treated cells. These findings suggest that the type of tumour obtained is determined directly by the nature of the carcinogen used. The fact that with DMN the transformation of only epithelial cells producing adenocarcinomata following back transplantation was obtained, is in keeping with the biochemical finding on DMN. It is well known that DMN needs to be metabolized in order to exert its carcinogenic effect and metabolic activation of DMN has been demonstrated at the level of target organs, one of which is the rat liver (Magee and Barnes, 1967) . MNNG decomposes slowly at pH 7 without metabolic activation (Lawley, 1968) , and the rate of methylation depends on the cellular thiol content (Lawley and Thatcher, 1970) . This compound induces in vivo carcinomata as well as fibrosarcomata (Sugimura et al., 1969; Druckrey et al., 1967) .
